Recently Bombus terrestris has invaded into the peninsulas of eastern Hokkaido, northern Japan, where the restricted distribution range of the rare native species B. florilegus is located. To demonstrate the establishment status and flower use of B. terrestris, we investigated flower visits by bumblebees in 2007 in the Notsuke Peninsula. A total of 554 introduced and native bumblebees foraging mainly on native plants were recorded and B. terrestris foraged more frequently native plants than non-native plants. This species however was much less abundant, comprising only 2.5% of all observations. At the time of excavation, a feral B. terrestris nest found during the survey yielded 362 worker cocoons but no sexuals. Because the foundress was still alive and much food was stored in the nest, this colony likely would have been able to reproduce successfully if not excavated. Our results indicate successful naturalization of B. terrestris in the native grassland vegetation and the species has potential to negatively affect native bumblebee species.
INTRODUCTION
The European bumblebee, Bombus terrestris (L.), has been widely established throughout a broad range of Hokkaido, northern Japan (Yokoyama and Nakajima, 2005 ; Laboratory of Conservation Ecology, http://www.coneco.es.a.u-tokyo.ac.jp/ seiyou/index070807.htm) since its introduction in 1991 (Ono, 1998) and has been suggested to cause the decline of native bumblebee species (Kawahara, 2004; Inari et al., 2005; Inoue et al., 2008) . Recent invasions of B. terrestris into the eastern Hokkaido have been reported: in the Nemuro Peninsula, a new queen was captured in September in 2006 ; in the Notsuke Peninsula, several queens were observed or captured from May to July in 2007 .
The Nemuro and Notsuke Peninsulas are the restricted distribution ranges of a rare native species, B. florilegus Panfilov (Sakagami and Ishikawa, 1969; Nakatani, 1999b) , which has declined considerably in number in recent years (Nakatani, 1999b; Matsuura, 2004; Takahashi et al., 2008) . Bombus florilegus and B. terrestris belong to the same subgenus (Bombus s. str.) and thus may have similar morphological and ecological futures, such as flower resource use and nest site selection (Nakatani, 1999b; Matsuura, 2004; Yokoyama et al., 2007) . Therefore the potential ecological impact of B. terrestris on B. florilegus has been warned .
The second prominent feature of these Peninsulas is the species-rich maritime grassland that extends along the coast. The development and persistence of the maritime grassland is associated with traditional agricultural practices, including grazing of domestic animals (Notsuke Peninsula Nature Center, 2007) . Although the maritime grasslands in Hokkaido have declined dramatically due to recent farmland exploitations (Nakatani, 1999a) , the Notsuke Peninsula still offers a rich variety of plant community associations, with a highly diverse herbaceous plant population comprising many species endemic to northern maritime regions (Takamizawa, 2005; Notsuke Peninsula Nature Center, 2007) .
Given these features of the geographic region and the species involved, the invasion of B. terrestris into the Notsuke Peninsula is assumed to have devastating influence on native bumblebees, especially B. florilegus. Here, we conducted a census by recording flower visits of bumblebees to examine the establishment status and flower use of B. terrestris in the Notsuke Peninsula. We also investigated a feral B. terrestris nest found in the maritime grassland during the survey.
MATERIALS AND METHODS
Study site. The study was carried out in the maritime grassland of the Notsuke Peninsula, Betsukai-cho, in the Notsuke region of eastern Hokkaido, Japan (Fig. 1) . The entire area of the Notsuke Peninsula lies within the Notsuke-Furen Prefectural Natural Park of Hokkaido, and most of it is covered by native plant species (Notsuke Peninsula Nature Center, 2007) . Some non-native plants such as Taraxacum officinale Weber, Trifolium pratense L., and T. repens L. grow along the roads or around the margins of open spaces used for fishery activities.
Flower visits of B. terrestris and native bumblebees. Nine observation sites (S1 through S9) were placed within the study area, 1.7 to 2.6 km apart from each other, along the main road (Fig. 1 were observed for 15 min twice daily, morning (08:30-12:30) and afternoon (12:30-15:30) in 9-13 June 2007 at S1 through S8 and 3-9 August 2007 at S1 and S3 through S9. Bumblebee species were recorded with the species of the flowers visited.
Measurement of morphologic characters. In 2007 and 2008, workers of B. terrestris and two native species, B. hypocrita sapporoensis and B. florilegus, were captured by using an insect net and immediately asphyxiated with ethyl acetate. Morphologic characters of each collected bee were measured with a digital caliper: head width, head length, prementum length, glossa length, maximal thorax width, and maximal abdomen width Inoue et al., 2008) .
Investigation of a nest. A nest of B. terrestris found on 6 August 2007 was excavated on 8 August 2007 and placed in a Ϫ20°C freezer to preserve the nest. Subsequently, the nest was dissected, and the number of each colony component was recorded, according to the methods described by M. N. Inoue and J. Yokoyama (unpublished): eggs, larvae, pupal cocoons, post-emergence cocoons, honey-storage cocoon, and pollen-storage cocoon. Diameter of the cocoons was measured with a digital caliper to distinguish new queen and workers/males on the basis of size with a critical width of 11 mm (Donovan and Wier, 1978; Buttermore, 1997; M. N. Inoue and J. Yokoyama, unpublished) . The head width of all adult bees collected also was measured.
RESULTS

Flower use and distribution
In Bombus terrestris was observed at five of the nine sites but most frequently at S7, which was close to the nest found in this study ( Fig. 1 ; Table  2 ). Bombus hypocrita sapporoensis was observed at all nine sites, but sightings tended to decrease from S7 toward the peninsula extremity. Bombus pseudobaicalensis also was found at all sites but infrequently at S2 and S4. In contrast, B. florilegus was found only at the peninsula extremity (S6, S7, and S8); B. schrencki albidopleuralis also showed the same tendency (S4 through S9). Bombus diversus tersatus was restricted to S4, and B. yezoensis was observed at S4 and S9 predominantly.
Morphologic variations
Comparing with other bumblebee species, the morphology was quite similar among the three species, B. terrestris, B. hypocrita sapporoensis, and B. florilegus (Table 3) . However, B. terrestris had relatively longer glossa (5.7Ϯ0.6 mm) than did the B. hypocrita sapporoensis (5.1Ϯ0.5 mm) and B. florilegus (5.0Ϯ0.5 mm), whereas B. florilegus had a relatively wider body (thorax widthϭ5.2Ϯ0.3 mm) than did the other two species (4.9Ϯ0.5 mm for B. terrestris, 5.0Ϯ0.5 mm for B. hypocrita sapporoensis).
Nest size
A colony of B. terrestris was found within the coastal grassland vegetation, close to the observation site S7 (43°34Ј48.3ЉN, 145°20Ј40.6ЉE, Fig. 1 ). This nest was constructed in an abandoned rodent nest underground at a depth of 40 cm, with a 100-cm entrance tunnel, and was covered with dried plant fragments. A total of one foundress, 129 workers, 362 cocoons, 85 eggs, and 280 larvae were collected from the nest. Cocoons were assigned as 226 pupal cocoons and 136 post-emergence cocoons, including those used for 61 honey receptacles and 6 pollen receptacles. All of the cocoons (diameter: meanϮSD, 8.6Ϯ0.8 mm; range, 5.2-10.9 mm; nϭ334) were determined to be workers. The head width of the foundress was 5.6 mm, and mean head width of workers was 3.8Ϯ0.4 mm (range, 2.9-4.5 mm; nϭ122).
DISCUSSION
Our result showed that B. terrestris was distributed along the Notsuke Peninsula but restricted at a low density during the census, where B. terrestris accounted for only 2.5% of all observations. Therefore, the species is considered to have just invaded into this region. In Hokkaido, B. terrestris occurs predominantly in urban and agricultural areas (Nukatsuka and Yokoyama, in press) and typically visits non-native plants (Kawahara, 2004; Inoue et al., 2008) , even though this species was able to forage on many species of both non-native and native plants (Matsumura et al., 2004) . In the present study, B. terrestris more frequently visited native plants than non-native plants and overlapped in flower use with most native bumblebees.
At the time of its excavation, the B. terrestris nest we found was similar in productivity to records of "mature" nests (i.e., the sexual production) of B. terrestris (M. N. Inoue and J. Yokoyama, unpublished) . Because the foundress was still alive and much food was stored, this nest likely would have been able to reproduce sexuals successfully if it had not been excavated. Flower visits to the native plants and the colony foundation in the Notsuke Peninsula indicate successful naturalization of B. terrestris in the grassland vegetation which has a rich native plant community.
Measurements of body parts in the present and the previous studies (Inoue et al., 2008) revealed that B. terrestris was similar morphologically to B. hypocrita sapporoensis and B. florilegus in com- parison with the other five species. Bumblebees generally are considered to divide flower resources on the basis of their morphological characters such as proboscis length (e.g., Brian, 1957; Heinrich, 1976; Inouye, 1980; Barrow and Pickard, 1984) . Since B. terrestris was observed at low density, we could not clarify the level of niche overlap between B. terrestris and native species. However, by inferring from our measurement data, B. terrestris and two native species, B. hypocrita sapporoensis and B. florilegus, have the similar morphologic traits of a short broad face and a relatively short tongue, features associated with its habit of collecting nectar from flowers with short corolla tubes. Therefore, they may compete for flower resources. During the survey, the B. terrestris nest was found within the distribution range of B. florilegus. Because these two species are subterranean nesters (Matsuura, 1995 (Matsuura, , 2004 Inoue et al., 2008) , competition for nest sites may be intense. Inoue et al. (2008) The Notsuke Peninsula is separated from Sharicho, the closest area where B. terrestris has already naturalized, by approximately 70 km (Niwa et al., 2001; S. Kawahara, personal communication) and is about 120 km away from Kushiro-cho, where many queens, workers, and males of B. terrestris were captured in 2007 (Nakatani and Nakamura, 2007) . Although little is known about the dispersal ability of bumblebees, Mikkola (1984) reported that bumblebee queens could pass across the Gulf of Finland, a distance of 80 km. Therefore, it is assumed that B. terrestris in the Notsuke Peninsula has invaded from Shari-cho. For effective management of growing B. terrestris populations, eradication efforts are needed not only in such valuable regions as the Notsuke Peninsula but also in surrounding regions where potential source populations of B. terrestris are established. 
